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THE  INFLUENCE  OF  BILE  ON  METABOLISM.* 
BY  ELLIOTT  P.  JOSLIN. 
(.From  the  Laboratory  of Ezperimental  Pharmacology  and  Therapeutics  of  the  TTarvard 
Medical  School and the Chemical Laboratory  of  the Massachusetts  General .H'ospita~.) 
The influence of the bile on metabolism has been studied heretofore 
by  observing the  changes which  have  occurred when  the  bile  was 
excluded from the intestinal tract.  This paper deals with the results 
obtained by the administration of bile by the mouth.  The incentive 
to this work came from my,friend Dr. ~ranz Pfaff, to whose unvary- 
ing  interest  and  encouragement this  paper  is  chiefly  due.  In  an 
article by PfafF and Balch,  1 entitled "An Experimental Investigation 
of Some of the Conditions Influencing the Secretion and Composition 
of Human Bile," it was shown that human bile, ox bile and bile salts, 
when given to a  patient with compleee biliary fistula, had  a  marked 
cholagogic  action.  Their  experiment  extended  over  a  period  of 
ninety-seven  days,  and  represents  the  most  complete  study  of  the 
human biliary secretion which has yet been made.  During this inves- 
tigation it was observed that while the patient was taking bile in one 
form  or  another the  appetite  improved,  the  bowels  moved without 
medication, and the stools diminished in bulk,  but increased in con- 
sistency and co]or. 
The article above mentioned closes with the following paragraph: 
"For the present we will only say that bile  may be useful in those 
cases where so-called eholagogues are  now prescribed,  as well as in 
certain cases of constipation, and possibly in  cases where we wish to 
increase the absorption of fat." 
The subject ~ of my experiment was  a  married woman, fifty-four 
* A  report of  work done under the provisions of  the second  Dalton Scholarship 8t 
the Massachusetts General Hospital for the years 1898-1899. 
i The Journal of .Experimental  Medicine,  1897,  it, p.  49. 
The patient was in the services of  Dr.  H.  H.  A.  Beach and Dr.  Mauriee YI. Rich- 
ardson at the Massachusetts General  Hospital, and  the  operation was performed  by 
Dr.  S.  J.  Mixter.  To all  these  gentlemen I  am greatly indebted for the privilege of 
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years of age, who entered the ~Iassachusetts  General Hospital  Sep- 
tember  26,  1898.  Her family and personal history were good  and 
she was the mother of twelve healthy children.  During the last three 
years she had suffered from attacks of gall-stones, and on this account 
came to the hospital for operation.  This was performed on Septem- 
ber 29.  The  patient's  condition became so critical while  upon  the 
operating-taMe that the gall-bladder alone was emptied of stones and 
a  biliary fistula made, the duct being left untouched. 
After the operation the discharge of bile from the weund was con- 
stant, the stools remained colorless, and repeated tests failed to show 
the presence in them of bile acids.  It was during the convalescence 
between December 20  and 31 that the following investigations were 
made. 
The  experiment was  divided into three periods,  similar in  all  re- 
spects  save  that  in  the  middle  period  the  patient  received  thirty 
~ammes (ff dried ox bile.  The beginning and the end of the experi- 
ment, as well as the different periods, were marked off by the patient's 
taking the charcoal mixture recommended by F.  Miiller2  In  each 
instance the change in the period was  definitely shown by the  dark 
color of the stools.  The bowels showed no tendency at any time to 
constipation  or  diarrhoea.  During  these  twelve  days  the  patient 
passed about two-thirds of the twenty-four hours in bed, and fo.r the 
remainder of the day was up and about her room. 
All of the food which the patient ate was prepared and weighed in 
the laboratory.  The  diet consisted essentially of bread and butter, 
thin cream, eggs, sugar and beef.  The percentage of nitrogen and of 
fat was determined in each article of food, double analyses being made 
daily in the case of the cream. 
The urine was collected daily and the amo.unt and specific gravity 
noted.  The nitrogen in 5 cc. from the twenty-four ho~rs' amount was 
determined  by  the  Kjeldahl  method,  and  the  urea  with  Squibb's 
apparatus, control analyses being made in both cases.  The stools for 
each period, with the wash-water made use of in cleaning the utensils, 
were made slightly acid with a  few drops  of concentrated sulphuric 
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acid, and were then evaporated over the water-bath, special care being 
taken to  stir  them  ~horoughly and  frequently.  The  stools  did  not 
become solid while over the water-bath, but on removal from the same 
assumed  a  firm honsisteney,  though  not  sufficiently so  to  allow  of 
reduction to a powder.  They were then weighed, and the total per- 
centage of fat determined by double analyses. 
The fat was first extracted with ether alone.  The residue was then 
stirred in  a  porcelain dish with  an  8  per  cent alcoholic solution  of 
hydrochloric acid and the mixture slowly evaporated to dryness.  This 
residue  was  then  ground  up  with  sand,  placed  in  a  fat-extraction 
thimble  and  extracted again.  It  was  found  simpler  to  extract  the 
fat in two stages owing to the large amount of fat present in the stools. 
The bile was collected at six-hour intervals and the amount, specific 
gravity and the percentage of solids in the twenty-four hours' amount 
determined.  The fistula caused much annoyance, as it did not admit 
of the satisfactory use  of any cannula.  The  house officer, Dr.  Le- 
Compte, tried many devices, but it was impossible to prevent leakage. 
On this account that portion of the bile which was not collected in the 
flask worn by the patient  was  caught in  the  dressings, which were 
arranged for this purpose, and was subsequently extracted from them 
with  water.  This  watery extract was then filtered,  and the filtrate 
evaporated to  constant weight.  As the percentage of solids  in  the 
bile each day had been calculated, the amount of bile absorbed in the 
dressings  was  easily  estimated.  That  the  method  was  sufficiently 
accurate is shown by a comparison of the total amount of bile in the 
first and third periods.  In these the amounts of bile are seen to be 
nearly the same, in spite of the fact that in the first period there was 
no lea]cage from the cannula, while in the third period only half the 
total quantity was collected through the cannula, the remainder being 
caught in the dressings. 
Bile was given to the patient in the second period in the form of 
bile  pills;  each  pill  representing  0.35  gramme  dried  ox  bile.  To 
render these less liable  to  change in  the  stomach they were  coated 
with salol--4 grammes to the 100 pills.  Of these the patient took 30 
daily, a total of 130 in four days, or 30 grammes ox bile and about 5 
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Three months a£ter the conclusion of this experiment the patient 
was  operated  upon  again  by  Dr.  Mixter.  The  common duct  was 
found to be occluded with gall-stones of soft consistency,  These were 
removed through an incision in the duct, and its complete patency into 
the duodenum once more established.  The fistula ceased to discharge 
and  the  patient  reco,cered.  The  patient  then  underwent  another 
metabolism experiment of three days' duration, for the determination 
of her digestion under normal conditions of bile-secretion. 
The following tables give the results of these two experiments and 
require no explanation. 
Table I  gives the ingesta of the patient during the first period, be- 
fore bile was ~ven. 
Table II gives the ingests of the pagent during the second period, 
during which bile was taken by the mouth. 
Table III gives the ingests agsln without bile medication. 
Table IV gives the total quantity of bile and bile-solids collected 
during the three different periods. 
TaMe V  gives the excreta of the three periods. 
Table  VI gives the ingests in the experiment after the operation 
by means of which free communication through the bile-duct between 
the liver and duodenum was once more established. 
Table ~TII gives *.he excreta in the experiment after the operation. 
TABLE  I.--INGESTA.  lST  PERIOD.  BEFORE  BILE  MEDICATION. 
Wgt.  65.2  kilog.  Dee.  20-23,  1898. 
Substance.  Amount.  Nitrogen.  Fat.  Carbohydrates. 
Bread  ...........  592  8.0  2.7  335 
Milk .............  2930  16.2  295.9  143 
Sugar  ............  290  290 
Oatmeal  .........  24  0.5  16 
Tapioca  ..........  26  22 
Eggs  ............  346  7.0  42.0 
Ham  ...........  50  2.3  4.6 
Butter  ...........  158  136.7 
Cod  Fish .........  53  2.S  0.8 
Roast  Beef  .......  94  3.1  S.9 
Apple  Sauce  ......  654  0.3  157 
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AN),LYSES  OF  INGEST).  T)'KEN DURING  FIRST  PRRIOD. 
Bread  .........  1.5229g.  contained0.0207  g.  Nitrogen  or l.36~ 
1.9333  g.  "  0.0260  g.  "  "  1.35  Average  1.355~ 
Fat  reckoned at 0.46 ~.  Carbohydrates  reckoned at 56.58 
Milk  ..........  2930 cc.  in four days. 
Fat.  Nitrogen. 
Dec.  20 ....  910 cc.  11.144 ~  I1.084 ~  0.5264 ~ 
Dec.  21 ....  490 cc.  8.340  0.5572 
Dec.  22 ....  800  cc.  11.000  10.854  0.5656  0.5796 
Dec.  23 ....  740  cc.  9.104  9.116  0.5572  0.5572 
Milk  Sugar was  reckoned at 4.88 
Oat Meal  ......  2.4686  g.  contained 0.0504 g.  Nitrogen or 2.04 
2.3086  "  0.0466  ,,  ,,  9.01  Av. 2.025 
Carbohydrates  reckoned at 64.73 ~g.  KSnig's Tables. 
Tapioca  .......  Nitrogen neglected.  Carbohydrates  reckoned at 84.83 ~,  KSnig. 
3.8813  g.  contained 0.0014 g.  Nitrogen or 0.036 
4.1760  ,,  0.0015  ,,  ,,  0.037  Av.  0.365 
Eggs  ..........  Ni¢rogen reckoned at  2.01 ~.  KSnig. 
Fat  "  '~  12.11  - 
Ham  ..........  14.672 g.  contained  1.3434 g.  Fat  or 9.15 
Nitrogen  reckoned at 4.62 ~.  See  2d Period. 
Butter .........  3.6446 g.  contained  3.1900 g.  Fat  or 87.53~ 
2.8756  "  2.4540  "  85.37  AV. 86.45 
Cod Fish .......  6.8507 g. contained  0.1072 g.  Fat  or  1.56 
12.2573  "  0.1750  ,~  1.43  Av. 1.49 
2.4827  "  0. i305  Nitrogen or 5.25 
2.6775  '~  0.1394  -  -  5.20  Av. 5.23~ 
Roast  Beef .....  38.0 g.  contained  3.5796 g. Fat  or 9.4~ 
Nitrogen  reckoned at 3.35 
AppleSauce ....  654 g.  made  up  of  83  g.  sugar  and  571 g.  apples.  Carbohydrates 
in latter reckoned at 13.03 %.  KSnig.  Nitrogen  0.058 ~.  KSnig. 
In addition to the above articles of  food,  one orange and a small amount  of lettuce 
or celery and a  cup of  tea and coffee were given daily ;  also about  75 cc.  of sherry in 
each of  the three periods. 
TABLE  II.--INGESTA.  2D PERIOD. 
Substance.  Amount. 
Bread ............  472 
Milk .............  3575 
Sugar  ...........  341 
Oatmeal  .........  68 
Tapioca  .........  31 
Eggs  ...........  560 
Ham  ............  39 
Butter ...........  114 
Cod Fish  ........  43 
Apple Sauce ......  404 
Hamburg  Steak...  180 
Bile .............  30 
DURING BILE  MEDIC),TION.  DEC.  24-27,  1898. 
Nitrogen.  Fat.  Carbohydrates. 
6.4  2.1  267 
19.3  355.8  174 
341 
1.4  44 
26 
11.3  67.8 
2.6  1.6 
98.6 
2.2  0.6 
0.2  97 
6.0  10.4 
0.5 
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ANALYSES  OF  INGESTA  TAKEN DURING  2D  PERIOD. 
For analyses of  bread,  oatmeal,  tapioca,  eggs,  butter,  cod  fish,  and  apple sauce, 
see 1st Period. 
Fat,  Nitrogen, 
Milk  ..........  Dec.  24  1090 ec.  10.020 70  9.922 8 
Dec.  25  865  9.518  9.528  0.5488 
Dec.  26  790  11.166  11.216  0.5166 
Dec.  27  830  9.080  9.324  0.5320 
3575 cc. 
Milk  Sugar reckoned at 4.8870. 
Ham  ..........  13.323 g.  contained 0.5334 g.  Fat or 4.070 
3.662 g.  -  0.1693 g.  Nitrogen or 4.6270 
Hamburg Steak.  43 g.  taken for analysis ;  dried to  12.3934 g.  for analysis.  5.0414 g. 
contained 1.0682g.  Fat or 21.698  or 6.258  of  undried  steak. 
3.8780 contained 0.7096 g. Fat or 18.30 8  or 5.27 8  of undried steak. 
Average 70  of Fat ~  5.76 8. 
1.5856 contained 0.1847  g.  or 11.65 ~  Nitrogen or 3.36 8  of  undried 
steak. 
Bile ............  009 g.  Nitrogen in 2  pills.  In 120 or 30 g.,  0.54 g. 
TABLE  III.~INGESTA.  3D PERIOD.  AFTER  BILE  MEDICATION.  Dec.  28-31. 
Substance.  Amount.  Nitrogen.  Fat.  Carbohydrates. 
Bread  ............  346  4.7  1.6  196 
Milk  ............  2240  11.4  224.9  109 
Sugar  ............  463  463 
Oatmeal ..........  27  0.5  17 
Eggs ............  504  10.1  61.0 
Butter ............  96  83.0 
HambUrg Steak ....  81  2.7  4.7 
Steak .............  254  9.0  25.1 
~8.4  400.3  785 
ANALYSES  OF  INGESTA TAKEN DURING  3D PERIOD. 
For analyses  of  bread,  oatmeal,  tapioca,  eggs, butter  and  Hamburg  steak,  see 1st 
and 2d Periods. 
Milk.  Amount. 
Dec.  28 ....  460 cc. 
Dec.  29  ..  520 
Dec.  30 ....  630 
Dec.  31 ....  630 
2240 cc. 
Steak. 
Dec.  29 ....  88 g. 
Dec.  30 ....  80 g. 
Dec. 31 ....  86 g. 
6.37 70  undried steak. 
7.34 70  undried steak. 
equiv..to 3.5170  ,,  - 
equiv, to3.55 8  -  ,, 
Fat.  Nitrogen. 
9.064 70  8.960 70  0.5320 70 
9. 764  9. 752 
11.496  11.536  0.5348 
9.890  9.856  0.4564 
26 g.  contained  1.9621 g.  Fat or  7.55 70 
33  ,,  5.1658  "  15.65 
3.6753  -  0.7792  ,'  21.20  equiv,  to 
3.0106  "  0.7362  "  24.45  "  " 
Average  6.86 70 
1.7232 contained 0.2015 Nitrogen or 11.69 70 
1.4864  "  0.1756  ,,  "  11.8170 
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TABLE  IV.--EXCRETION  OF  BILE  IN  THE  THREE  PERIODS. 
Period.  Cannula.  Extracted from  Total.  8  Solids.  Total 
Dressings.  Solids. 
I.  Before  Bile 
Medication,  2250  0  2250  1.37  30.83 
II.  During  Bile 
Medication 7  1429  1079~  2508  1.70  42.64 
III.  After  Bile 
Medication,  1173  751  ~  1924  1.42  27.32 
The  dressings  were  extracted  several times with  water  until  all trace of  bile was 
removed.  The extracts  were  then filtered  and  the  filtrates  evaporated  and  dried  to 
constant  weight.  In  Period  II  the  dried  bile-solids  thus  obtained  were  18.8819 g. 
But  the  per  cent  of  solids  of  the  bile  obtained  in  this  period  by the  cannula  was 
1.708...  1.70 :  100 : :  18.3819 : x  =  equivalent  amount  of bile obtained  by extraction, 
i.  e., 1079  cc.  In  Period  III  the  dried  bile  solids  obtained  from  the  dressings 
amounted  to 10.6772 g.--  equivalent  to 751 cc. 
TABLE  V.--EXCRETA.  1ST,  2D,  /~ND  3D  PERIODS. 
URINE. 
Amount.  Sp. Gr.  Urea.  Nitrogen. 
I.  Before Bile Medication,  Dee.  21  510  1029  14.6  8.1 
Dec.  22  400  1024  10.1  5.6 
Dec.  23  460  lb24  12.7  7.2 
Dec.  24  630  1018  13.5  50.9  7.6  28.5 
2000 
II,  DuringBile  Medication,  Dec.  25  1224  1009  14.6  7.3 
Dec.  26  840  1016  18.2  9.4 
Dec.  27  700  1017  13.7  7.7 
Dec.  28  670  1022  14.9  61.4  9.3  38.7 
III.  After Bile  Medication, 
3484 
Dec.  29  670  1021  15.2  10.1 
Dec.  30  650  1018  17.2  9.5 
Dec.  31  650  1018  17.2  9.5 
Jan.  1  270  1020  7.2  56.8  3.8  32.9 
2240 
Amount. 
I.  Before Bile Medication,  423 
II.  During  Bile  Medication,  298 
IIL  After  Bile Medication,  290 
STOOLS. 
Nitrogen.  Fat. 
1.79-7.6 8  73.8-310 8 
1.19-3.5  71.8-214 
1.51-4.4  78.1-226 
ANALYSES  OF  THE  EXCRET~  OF  THE  THREE  PERIODS. 
1st Period.  Stools.  423 g.  contained  310 g. Fat  and 7.6 g.  Nitrogen. 
5.0970 g. contained  3.7034  g.  Fat  or  72.668 
3.3647  ,'  2.4884  "  73.96  Average  73.318 
2.5962  -  0.0456 Nitrogen  or  1.76 
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2d  Period.  Stools. 
3.7352 g.  contained 
5.0952  " 
3.4500  " 
3.1200  " 
3d  Period.  Stools. 
4.6836 g.  contained 
4.2176  " 
2.3099  ,, 
2.4366  " 
298 g.  contained 214 g.  Fat and 3.5  g.  Nitrogen. 
2.7154  g.  Fat  or  72.69% 
3.6166  "  70.98  Average 71.84% 
0.0396 Nitrogen  or  1.15 
0.0382  ,,  1.23  ,,  1.19 
290 g.  contained 226 g.  Fat and 4.4 g.  Nitrogen. 
3.5994  g.  Fat  or  76.85% 
3.3432  "  79.97  Average 78.06% 
0.0344 Nitrogen or  1.49 
0.0372  "  1.53  "  1.51 
SUMMARY  OF  THE  FIRST  EXPERIMENT. 
Fat  Nitrogen  Bile  Balance 
Ingesta  Excreta  Ingesta  Excreta  Solids.  Excreta Nitrogen. 
f~eces,  fmces,  urine and 
stool. 
I.  Before Bile 
Medication.  491.6  310 or 63.1%  39.9  7.6 or 19%  30.83  36.1  +  3.9 
II.  During Bile 
Medication.  537.1  214 or 39.8  49.7  3.5  or  7  43.64  37.2  +  12.6 
III.  After  Bile 
Medication.  400.3  226 or 56.5  38.4  4.4 or 11.5  27.32  37.3  +  1.1 
The  digestion  of fat was. respectively 23.3  per  cent and  16.7  per 
cent better in the bile period than in the 1st and 3d periods, in which 
no bile was given. 
The digestion of nitrogenous food was respectively 12 per cent and 
4.5 per cent better in the bile period than in the other periods. 
The bile-solids were increased in the bile period 38 per cent and 60 
per  cent  respectively above  the  amounts  in  the  1st  and  3d  periods. 
The excess of bile-solids in this  period was equivalent to nearly one- 
half the amount of bile given during this time. 
TABLE  VI.--INa~STA IN  THE EXPERIMENT AFTER THE OPERATION. 
Weight  65.1  kilog.  May 20-24,  1899. 
Substance.  Amount.  Nitrogen.  Fat.  Carbohydrates. 
Bread ............  423  5.8  1.9  239 
Milk .............  2470  12.1  194.6  120 
Sugar ............  363  363 
Oatmeal  .........  58  1.2  38 
Tapioca ..........  18  15 
Eggs  ............  707  14.2  85.6 
Butter ...........  73  61.7 
Beef Steak  .......  147  4.9  16.9 
Chicken  .........  188  10.7  8.6 
Potato  ...........  229  0.5  44 
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ANALYSES  OF  INGESTA  TAKEN DURING THE  EXPERIMENT AFTER THE OPERATION. 
For bread,  oatmeal, tapioca,  and eggs, see analyses 1st Period.  Experiment  1. 
Milk  ..........  FAT.  NITROGEN. 
May 2 ....  810 cc.  8.25 8  8.38 8  0.4662 8 
May 3 ....  900  7.43  7.35  0.5166 
May 4 ....  760  7.96  8.03  0.4914 
Butter .........  2.3100 g. contained 1.9524 g.  Fat or 84.5 8 
1.9780  "  1.6714  "  84.4  Average 84.45 
Beef Steak .....  5.6178 g.  ,,  0.6450 g.  ,,  11.48 
Nitrogen  reckoned at 3.368--amount  obtained at a  subsequent  analysis. 
Chicken  .......  3.2096 g.  contained 0.1616 g. Fat  or  5.03 8 
1.8238  "  0.1050  "  5.75  Average 5.39 8 
3.1382  "  0.1770  Nitrogen or 5.63 
2.9700  ~  0.1711  ~,  5.75  "  5.69 
84 g.  of  first portion  of  chicken given. 
Chicken  .......  2d Portion  104 g.  Nitrogen reckoned at 5.69 % as in 1st Portion. 
2.4930  g.  contained 0.0864 g.  Fat or 3.46 8 
3.8758  "  0.1386  ~  3.57  Av. 3.52~ 
Potato  ........  37.8 g.  "  0.2630 g.  Carbohydrates or 19.0 8 
37.6  "  0.2616  "  -  19.1  "  19.05 
8.0  -  0.0172  Nitrogen or  0.215 
8.0  -  0.0168  "  "  0.21  -  0.21 
TABLE  VII.--EXCRETA DURING  THE  EXPERIMENT  AFTER  THE  OPERATION. 
URINE. 
Amount.  Sp. Gr.  Urea.  Nitrogen. 
May  3 ............  400  1032  8.8  5.2 
May  4 ............  1070  1017  23.2  11.8 
May  5 ...........  975  1017  19.4  8.4 
2445  51.4  25.4 
STOOLS. 
Amount.  Nitrogen.  Fat. 
145  5.9 g.  or 4.18  54.8  g.  or 37.88 
ANALYSES  OF  EXCRETA  DURING  THE  EXPERIMENT  AFTER  THE  OPERATION. 
STOOLS. 
145 g.  contained 54.8 g.  Fat and 5.9  g.  Nitrogen. 
4.9832  -  1.9020  g.  Fat  or  38.18  Average 
5.8335  ~  2.1826  "  37.4  37.88 
1.4572  "  0.0596 Nitrogen  or  4.1  Average 
2.3256  ',  0.0952  "  4.1  4.1~ 
SUMMARY  OF  THE  EXPERIMENT  AFTER  THE  OPERATION. 
FAT.  NITROGEN. 
Ingesta.  Excreta.  Ingesta.  Excreta. 
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SUMMARY  OF  THE  TWO  :EXPERIMENTS. 
Per cent. of  Per cent. of 
ingested fat lost  ingested nitrogen  Bile  Urine 
in stools,  lost in stools,  solids,  per day. 
I.  Before Bile 
Medication,  63.1 ~  19.0 %  30.83 g.  500  cc. 
II.  During Bile 
Medication,  39.8  7.0 
III.  After  Bile 
Medication,  56.5  11.5 
After operation,  14.8  11.9 
43.64 g.  859 cc. 
27.32  g.  560 cc. 
815 cc. 
Four other experiments were also performed--one on a  human being 
and  three  on  dogs  with  biliary fistulae.  Since these  failed to  be  satis- 
factory in  all  particulars,  only a  brief resum~  of this  part  of the work 
will be given. 
Experiment  1  was  performed  upon  a  healthy  woman,  October  4-16, 
1897.  She was given in the  second period of four days 20 grammes  of 
dried ox bile.  Notwithstanding  the fact that the amount  of fat in  the 
food reached nearly 200  grammes a  day, it was  so well assimilated that 
it  left no appreciable  chance for improvement in  its  absorption during 
the bile period. 
Experiment  2  was  performed  on  a  dog  February  5-25,  1898.  The 
common duct was  ligated in two  places  and severed.  The gall-bladder 
was  then  opened and  a  glass  cannula,  extending for 4  cm.  beyond the 
abdominal wall, ~nserted.  The dog recovered quickly from the operation 
and at the  end of two weeks the wound was  so well healed that he was 
ready for use.  The  diet  consisted  of  dog-bread  ground  up  and  mixed 
with lard.  The animal was kept in a  cage with  double bottom and fed 
twice  a  day.  The  experiment  was  divided  into  four  periods,  in  the 
third  of which the dog was  given 12 grammes  ox bile. 
PER  CENT.  IN  STOOLS OF  INGESTA. 
Fat.  Nitrogen. 
Feb.  5-10  I  Without  muzzle 
No  BiTe  51.82  per cent.  24.31  per  cent. 
Feb.  10-15  II  With muzzle 
No  Bile  45.87  per  cent.  19.70  per  cent. 
Feb.  15-20  III  With muzzle 
Bile  59.95  per  cent.  34.23  per  cent. 
Feb.  20-25  IV  With muzzle 
No  Bile  33.15  per  cent.  16.67  per  cent. Elliott  P. Joslin  523 
The second period showed a loss of fat in the stools of 46 per cent as 
contrasted with  52  per cent in the first period.  Such figures, however, 
are not conclusive when one is dealing with large amounts of fat. 
The  third  and  fourth  periods  are  not  of value because the  dog had 
diarrhoea,  due  either to  the  bile  pills  or to  the  fat  in  the  food.  This 
not only interfered with the absorption of the fat, but prevented accurate 
separation of the stdols. 
Experiment  3.  The  dog  was  prepared  in  the  same  way  as  in  the 
preceding  experiments.  IIe wore a  muzzle throughout  the  experiment 
and for the three and one-half days preceding.  The experiment was  of 
15  days' duration  (,Tune 30  to July  15,  1898),  and divided into periods 
of five days each.  In the second of these, the dog received 17.5 grammes 
of the  dried ox bile. 
Yet  though  the  amount  of  fat  in  the  diet  was  lessened  from  80 
grammes  to  40  grammes  a  day,  diarrhoea  appeared  as  before aggravat- 
ingly near the  end of the  bile period.  The results  were, therefore, in- 
conclusive. 
PER  CENT.  IN  STOOLS  OF  INGESTA. 
Fat.  Nitrogen. 
I  41.9  percent.  14.9  per  cent. 
II  45.3  "  12.4  " 
III  63.0  "  22.1  " 
Experiment 4.  Dog.  Common duct ligated and biliary fistula made 
June  18,  1898.  In  this  instance the  three  periods  were  of two  days' 
duration.  In the middle period the dog took 10 grammes dried ox bile. 
I~ER  CENT.  IN  STOOLS  OF  INOESTA. 
Fat.  Nitrogen. 
July  19-21,  46.1  per  cent.  16.8  per  cent. 
July  21-23,  34.2  "  11.8  " 
July  23-25,  74,5  "  31.8  " 
But here again diarrhoea occurred toward the close of the experiment, 
vitiating the results. 
The  literature  on this  subject  up  to  1897  was  given  in  detail  by 
Pfaff and Balch ~ in their paper.  Albu 5 has since brought the matter 
up to  date.  It will  be  only necessary therefore for  me  to state  my 
c(mc]usions. 
a Op.  tit. 
Zur Physiologie und Pathologie der Gallensecretion, JBerl. klin.  W'ochenschr.,  1900, 
p.  866. 52¢  The  Influence  of  Bile  on  Metabolism 
CONCLUSIONS. 
1.  Bile increases the  digestion of fat when given by the  mouth in 
pill form.  The percentage o~ fat lost in the stools of our patient with 
a  complete biliary fistula was  63  per  cent in the first period  and  57 
per  cent  in  the  third.  This  closely corresponds  to the  results  that 
Miiller obtained in human beings and dogs with complete obstruction 
of the common duct.  Under bile medication the  stools contained  23 
per cent less fat than in the first period, and  17 per cent less than  in 
the third.  This represents an actual diminution of the amount of fat 
lost in tile stools.  :Looking at the  result  in  another way,  it may be 
said that the average  digestion of fat in the periods without bile was 
40 per cent; in the periods with bile,  60 per cent,  i. e., bile increased 
the digestion of fat relatively by 50 per cent. 
2.  The digestion of nitrogenous food is improved by the use of bile 
pills  when  the  amount  of fat  in  the  stools is  large.  Instead  of  an 
average of 15 per cent being lost in the faeces,  but 7 per cent escaped 
digestion during the four days the patient took bile.  The reason for 
this,  perhaps,  lies in the  better  digestion  of fat at  this  time,  in  con- 
sequence  of  which  the  proteid  elements  of  the  food  were  more 
thoroughly exposed to the digestive juices. 
3.  Ox bile is a  cholagogue.  The amount of bile-solids secreted in 
the bile period was 47 per cent greater than in the periods before and 
after.  This  confirms  the work of Pfaff and  Ba]ch,  here  in  Boston, 
on  a  human  being,  and  that  of  Static]mann 6  and  his  pupils,  in 
Germany, on dogs. 
4.  The effect of the bile on the bowels in this case was not remark- 
able, although they moved more satisfactorily during the bile period. 
In my experiments with dogs I  usually obtained diarrhoea when ~ving 
bile.  I  do  not  feel  sure,  however,  that  this  should  be  attributed 
wholly to the medication,  for the diarrhoeas  as a  rule  appeared six or 
more days after the beginning of the experiment and the animals were 
then in poor condition.  Dr. Pfaff, who has had mere experience with 
the administration  of bile than I, tells me that he has found its action 
variable  in  patients.  In  some  cases it  is  a  laxative;  in  others,  in 
6 Zeitschr. f.  Biol.,  1897,  n.  F.,  xvi, p. 1. Elliott  P.  Joslin  525 
which  there  is diarrhoea,  due  apparently  to  large  amounts  of fat  in 
the food, it has the opposite effect. 
5.  As  to  the  general  effect  of  bile  on  body  metabolism,  it  was 
observed that the urea and nitrogen were excreted in greater amount 
in the bile period than  in either  of the  others.  No  definite  conclu- 
sions  can  be  drawn  from  this  fact,  because  more  nitrogen  was  in- 
gested during these four days; moreover, it must be borne in mind that 
in these results the salol may have been a factor. 
6.  The amount of urine was increased by more than 50 per cent in 
the bile period.  It is interesting  to note that the amount was about 
the same during this bile period as in the second experiment when the 
bile was again taking its natural course.  Von Iqoorden 7 has recorded 
a  similar  increase  in  the  amount  of urine  following the  removal  of 
the obstruction in acute catarrhal  jaundice.  The salol coating of the 
bile pills, which amounted to (me and a quarter grammes a day, is not 
sufficient to account for this effect.  This is evident from the work of 
Kumagawa, s who gave two grammes  of sodium salicylate  daily to  a 
dog  of  25  kilos  without  essentially  changing  the  amount  o~  urine 
secreted.  On the o,ther hand,  in taking the 30 pills daily the patient 
drank several extra glasses of water, and in the second experiment her 
general  condition was naturally  better than  at any other  time. 
Pathologie des Stoffwechsels, p.  281, Berlin,  1893. 
s Virchow's Archiv, 1888,  cxiii~  p.  134. 